Aloin and polysaccharide present in extracts of Aloe arborescens Miller were formulated into a binary solution to protect eyes from bacterial infection and ultraviolet radiation (UVR). The UVR absorption spectrum was recorded from 190 to 440 nm using a UV spectrometer. The physical properties of the product were examined in terms of its appearance, odor, pH, viscosity, density, refractive index, and stability. The binary solution exhibited three absorption peaks in the UVA, B and C regions, respectively. Such UV absorption capability was attributed to the phenolic chromophores pertaining to aloin. The present study suggested that the formulated binary solution has potential application as an UV absorption agent with built-in antimicrobial activity.
Ultraviolet radiation exhibits a number of negative effects on the inhibition of eye infections in humans and animals. Supporting evidence has revealed that UVB irradiation was the major factor in initiating the pathogenesis of pterygium [1] , and to trigger the ocular herpes simplex virus keratitis [2] . In addition, exposure to UV irradiation could impair the immune responses, resulting in not only the exacerbation of the course of infectious diseases, but also a reduction in resistance to the infections [3, 4] . Based on the above information, the success of an antibiotic eye drop formulation, particularly for patients suffering from infectious eye diseases, will potentially be challenged by ocular exposure to UVR. To solve this problem, a novel ophthalmic solution was formulated in our laboratory with aloin and polysaccharide. The former component, aloin, was expected to act as an UV light absorber with built-in antimicrobial activity. The polysaccharide was used to improve the overall performance of this ophthalmic formulation for the treatment of eye infections.
Aloin, the primary constituent of the formulation, and which forms about 30% of the dry weight of aloe leaf exudates, has various biological properties [5] . Aloin extracted from Aloe ferox was reported to have antimicrobial activity against pathogens, including Staphylococcus aureus, S. epidermidis and Escherichia coli, at a concentration of 62.5 to 125 µg/mL [6] . Aloin revealed its antioxidant activity by significantly scavenging free radicals at a high concentration of 0.9 to 2.2 mM, resulting in the prevention of •OH-induced DNA damage [7] . Aloin also showed a photostabilization effect on azadirachtin-A solution by absorbing light at 254 nm. This UV absorption property was attributed to the compounds phenolic chromophores [8, 9] , which could dissipate the absorbed energy. Lastly, Wamer et al. indicated that aloin (up to 500 µM) exerted no photocytotoxic effect on human skin fibroblasts under the irradiation of UVA [10] .
Aloe polysaccharide was used to promote the optimal performance of the eye fluid. In addition to its known capability to modulate the human immune system, and to stimulate the healing process of the injured tissue [11, 12] , aloe polysaccharide, when used as a drug delivery vehicle, has been reported to prolong the corneal-drug contact time because of its adhesive and viscosity properties [13] . Although the propensity of aloin to absorb UV light is noted, the UV light absorption property of the formulated aloin-containing solution is not well characterized. Therefore, the aim of the current study was to evaluate the physical properties of aloe solution, as well as to monitor its UV light adsorption characteristics. The physical properties of the binary solution are summarized in Table 1 .
A continuous UV absorption spectrum ranging from 190 to 440 nm of the aloe binary solution was obtained ( Figure 1 ). Four peaks (PK 1-4) with maximum absorbances at 354.0 nm (PK 4, UVA), 298.4 nm (PK 3, UVB), and 225.6 and 265.9 nm (PKs 1,2, UVC) were obtained. Their corresponding absorbance values and absorption coefficients (ε), calculated from Beer-Lambert's law, are shown below Figure 1 .
The UV spectrum of the binary solution revealed four distinct absorption peaks in the UV A-C region. The absorption strength follows the order PK 3 > 2 > 4 > 1. This shows that the binary solution has a broadband absorption property for incident UV radiation, suggesting its potential protective effect against UVR-induced eye disease. The UV absorption property was attributed to the phenolic chromophores of aloin. Kumar et al. studied the UV opacity effect of aloe gel extract at 4 mg/mL. Their results showed that a maximum absorption of germplasms occurred at 280-320 nm, corresponding to the UV-A and UV-B regions. Such light absorption ability was likely to have resulted from the polyphenolic compounds [14] . The results of this communication support the hypothesis that the binary solution, composed of aloin and polysaccharide, could be a potential ophthalmic fluid for the protection of ocular tissue from sunlight radiation.
Experimental

Plant material: Fresh leaves of Aloe arborescens
Miller were collected from Industrial Aloe Plantation, Chang Le, Fujian, China. The voucher specimen was identified by Prof. JC. Jia and deposited at RunHua Functional Chemicals Inc.
Extraction of aloin by thin layer chromatography (TLC):
The middle sections (200 g) of the entire fresh leaves with the outer cuticle were transversely cut and the resulting pieces were ground in a mixer, followed by homogenization to give a homogeneous mass. The obtained raw aloe juice was subjected to coarse filtration operated at 8000 rpm at 4 o C for 30 min to remove the cellular fibers.
A TLC method used to determinate the aloin content was initially described by Kiridena et al. [15] . The extraction of aloin from aloe juice was carried out with ethyl acetate-methanol (8:1 v/v, 4 mL) containing saturated NaCl (1 mL). The mixture was then vortexed for 1 min and allowed to settle for 10 min to separate the two layers. After removal of the organic layer, the remaining aqueous layer was subjected to extraction with an additional 2 mL of solvent. The aloin fraction was evaporated to dryness and the residue dissolved in 500 µL of methanol. This methanol solution was filtered through a cotton plug. The filtrate was spotted onto a silica gel plate and developed with methanol: chloroform (1:3 v/v). Prior to development, the TLC tank was equilibrated with 5 mL of mobile phase for 15 min, and then an additional 5 mL of the mobile phase was added to the Ophthalmic formulation with Aloe arborescens Natural Product Communications Vol. 4 (9) 2009 1233 tank, followed by the TLC plates. The plates were developed for 20 min and then dried under nitrogen. The aloin fraction was collected from the TLC plate by extraction with 5 mL of methanol. The solvent, on evaporation, yielded aloin.
Extraction of polysaccharide:
Pulp from fresh A. arborescens leaves (70 g) was ground and filtered to remove the fibers. 95% Ethanol was added to the filtrate in a ratio of 4:1 v/v to extract the polysaccharides. The insoluble fraction was separated by passing the mixture through a filtration membrane with a cut-off molecular weight of 5000 Da. The desired polysaccharide fraction was collected and freeze-dried (yield 0.54 g).
Preparation of the binary solution:
Aloin (14.0 mg) and polysaccharide (45.0 mg) were dissolved in 100 mL of deionised water. The aloin concentration was based on the data of Kambizi et al., who found that aloin displayed a minimal inhibition concentration against Staphylococcus aureus and E. coli of 125 µg/mL and 62.6 µg/mL, respectively [6] . The solution was stored in amber-colored bottles at -4°C prior to use.
Ultraviolet absorbance of the binary solution:
The UV spectral properties of the aloe binary solution were measured in the range 190 -440 nm at 25 o C using a Perkin-Elmer Lambda 25 spectrophotometer. The sample (1 mL) was placed in a quartz cuvette cell (1 cm pathlength), and deionized water was used as the reference.
